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ABSTRACT

CARNIVORE AND UNGULATE RESPONSES TO CATTLE IN A GRAZED FOREST
ECOSYSTEM

Rebecca Carniello

Habitat disturbance, a leading threat to biological diversity, comes in many forms
and can alter the behavior of wildlife and reduce the amount of suitable habitat. Livestock
grazing, a form of habitat disturbance, is the most widespread influence on native
ecosystems of western North America. Research on the impacts of introduced domestic
herbivores on wild carnivores and ungulates varies, and the degree to which wildlife
species are affected is often species-specific. I used remote trail cameras to compare the
activity patterns of black bears (Ursus americanus), coyotes (Canis latrans), bobcats
(Lynx rufus), mountain lions (Puma concolor), mule deer (Odocoileus hemionus), and
Rocky Mountain elk (Cervus canadensis nelsoni) in areas with and without cattle grazing
before, during, and after the cattle grazing period in northeastern California. Bobcats and
mountain lions had low overlap of activity with cattle. Bobcats shifted their activity
patterns to have less overlap with cattle in allotments during the grazing period, and their
relative probability of activity was greater in areas where there were no cattle present.
Black bears, coyotes, and mule deer had high levels of overlapping activity with cattle.
Deer shifted their activity patterns resulting in higher overlap with cattle in allotments
during the grazing period. Relative probability of black bear activity was greater in areas
ii

without cattle presence. Conversely, relative probability of coyote activity was greater in
areas with cattle. Elk activity moderately overlapped with cattle activity. These findings
suggest that carnivores and ungulates display varying levels of sensitivity and behavioral
plasticity in response to the presence of domestic herbivores on the landscape. Managers
should carefully consider possible impacts to local wildlife populations when determining
grazing timing and stocking rates, especially when a species is in decline or the habitat is
in continuous degradation.
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1
INTRODUCTION

Habitat disturbance is a leading threat to biological diversity. It comes in many
forms and can reduce the amount of suitable habitat or alter the behavior of wildlife. Both
the amount of suitable habitat in a landscape and its level of fragmentation are important
predictors of the distribution and abundance of biological populations (Caruso et al.
2016). Disturbances cause a deviation in an animal’s behavior from “normal” patterns
occurring without human influences (Frid and Dill 2002). One form of habitat
disturbance is the addition of non-native herbivores to the landscape for grazing
purposes. Livestock grazing is the most widespread influence on native ecosystems of
western North America, affecting 70% of the land surface (Fleischner 1994). Grazing
cattle (Bos taurus) can impact an ecosystem in three major ways: 1) alteration of species
composition of communities, including observed deleterious effects on all vertebrate
classes, 2) disruption of ecosystem functioning, and 3) alteration of ecosystem structure
(Fleischner 1994).
Federal grazing allotments are often in mountainous habitats, and cattle use of
mountainous habitats is influenced by an interaction of topography, vegetation type,
climate, availability of water, and livestock behavior (Roath and Krueger 1982).
Disproportionately heavy use of riparian areas is a substantial problem on rangelands
throughout the western United States (DelCurto et al. 2005). A study conducted in a
United States Forest Service (hereafter USFS) allotment in the Blue Mountains of Oregon
on 250 cow-calf pairs of cattle found that 35-40% of the cattle remained in a riparian
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zone for the duration of the grazing period (Roath and Krueger 1982). Cattle remaining in
riparian zones in arid climates with increasing drought conditions could be problematic
for wildlife, may unnecessarily reduce already scarce resources, and may limit wildlife
access to water. Moreover, cattle do not utilize areas with slopes greater than 60%,
regardless of vegetation type or aspect (Roath and Krueger 1982). The areas unused by
cattle may serve as refugia against disturbance for wildlife species. Cattle under study
followed a general pattern of activity and movement (Roath and Krueger 1982). Shortly
after sunrise they moved from bedding areas to feed for an average of 3 hours, then they
would bed in shaded areas until about midday, graze from midday to the evening,
followed by bedding from dark until sunrise (Roath and Krueger 1982). If cattle were in a
riparian zone, they slightly altered their midday activity to graze from afternoon to sunset
(Roath and Krueger 1982).
Cattle grazing may also provide benefits to wildlife populations, and when
precisely and adaptively managed, can have the potential to maintain and even improve
habitat diversity and quality (Vavra 2005, Young et al. 2018). A long-term manipulation
exclosure experiment in Kenya found that cattle stocked at moderate densities could
maintain considerable native biodiversity (Young et al. 2018). During wet seasons, cattle
use of an area increased the use by native herbivores, although use by native herbivores
decreased in dry seasons (Kimuyu et al. 2017). In Scotland, winter grazing by cattle
positively impacted red deer (Cervus elaphus) by improving or increasing growth of
quality vegetation (Gordon 1988). By understanding the habitat requirements and
densities of wildlife species with which cattle share the landscape, we can better
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manipulate grazing strategies to enhance habitats and minimize detrimental impacts on
wildlife.
Research on the impacts of introduced herbivores on wild carnivores and
ungulates varies. Studies on interactions between cattle and black bears (Ursus
americanus), mountain lions (Puma concolor), coyotes (Canis latrans), and bobcats
(Lynx rufus) focus mainly on the role these wildlife species play as predators of cattle
(Dorrance 1982, Collinge 2008, Kleuver et al. 2008, Rosas-Rosas et al. 2008, Lee et al.
2017) rather than the role cattle may play in disturbing wildlife. The degree to which
mammalian carnivores are affected by human-related activities has been found to be
species-specific, further highlighting the need to increase our knowledge of each species’
responses to different types of disturbances (Caruso et al. 2016). One way mammalian
carnivores may respond to disturbance is by shifting temporal activity on the diel scale,
facilitating coexistence through avoidance of confrontation (Gaynor et al. 2018).
Carnivore activity patterns are strongly influenced by the activity patterns of their main
prey items; as a result, disruption in their daily activity patterns may impact their abilities
to obtain prey, which would impact their overall fitness (Harmsen et al. 2011, Heurich et
al. 2014). Few studies have examined individual- or population-level consequences of
these behavioral changes, which could impact individual fitness, species interactions, and
natural selection (Gaynor et al. 2018). Moreover, information on predator ecology and
predator responses to ranch operations is needed to promote more integrated ranch
management systems (Bradley and Fagre 1988).

4
Black bears are primarily diurnal or crepuscular in areas not associated with
human activities, while black bears in areas of human development shift activities to
nocturnal periods (Ayres et al. 1986, Zeller et al. 2019). Additionally, black bears are
highly individualistic in their responses to landscape features, including human
development (Zeller et al. 2019). These individual responses are attributed to different
genotypic or phenotypic expressions, as well as level of urbanization. Bears in more rural
areas may have stronger negative responses to human activity than bears in more urban
environments (Zeller et al. 2019). Furthermore, a study conducted on black bear diet
concluded that 75% of scats contained grasses, highlighting the potential conflict grazing
cattle can have with nutritional requirements of black bears (Bull et al. 2001). Due to
their individualistic responses, strong degree of negative responses in rural areas, and
potential diet overlap with cattle, it is imperative to understand black bear responses to
cattle grazing at the individual and population levels.
Mountain lions are one of the largest predators in the Warner Mountains,
exhibiting wide-ranging movements and high sensitivity to habitat fragmentation (Crooks
2002, Jennings et al. 2016). As an indicator species, mountain lions are essential
regulators of the ecosystem, making it particularly important to understand their
responses to human-influenced landscape changes (Beier 1996, Jennings et al. 2016).
Mountain lions modify their usually crepuscular activity patterns when exposed to human
disturbance (Van Dyke et al. 1986). Additionally, mountain lions near human disturbance
shifted activity peaks to after sunset and concentrated other activity during evening hours
(Van Dyke et al. 1986).
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Coyotes and bobcats are relatively adaptable species and generally less sensitive
to human disturbance than mountain lions (Crooks 2002, Riley et al. 2003, Riley 2006).
Coyotes are primarily nocturnal and crepuscular, while bobcats are active throughout the
circadian cycle (Andelt and Gipson 1979, Fedriani et al. 2000). Both species utilize a
variety of habitats across their range; however, coyotes are larger and more social
compared to the more carnivorous bobcat (Riley et al. 2003). A study on coyote and
bobcat responses to cattle found that collared individuals of both species slightly avoided
cattle (Bradley and Fagre 1988). Understanding coyote and bobcat responses to grazing
cattle is important because they prey upon small animals whose distribution may be
affected by the presence of livestock (Flinders and Hansen 1975, Hayward et al. 1997,
Grinder and Krausman 2001).
Numerous studies have been conducted on the interactions between cattle and
native ungulates such as Rocky Mountain elk (Cervus canadensis nelsoni) and mule deer
(Odocoileus hemionus). However, the causes and consequences of competition between
the native ungulate species and cattle remain uncertain because relationships vary with
site, season, and livestock management practices (Hansen and Reid 1975, McInnis and
Vavra 1987, Ragotzkie and Bailey 1991, Stewart et al. 2002). Competition among large
herbivores is difficult to assess without experimentation (Stewart et al. 2002). Previously,
conducting addition or removal experiments concerning competition among ungulates
was not feasible (Stewart et al. 2002). However, the physical presence of cattle alone
negatively influences wild ungulates, not only through reduced forage, but also by
causing behavioral changes (Chaikina and Ruckstuhl 2006). These behavioral changes
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include avoidance behavior and temporal partitioning of habitat by elk and deer when
cattle are present (Stewart et al. 2002). Cattle use of lower elevations and shallower
slopes differs from native herbivores, but a study comparing native herbivore elevation
and slope usage before and following the addition of cattle in autumn reported possible
competitive displacement (Stewart et al. 2002).
Assessing the influence of cattle on native ecosystems can be problematic due to
the lack of ungrazed land for comparison. As a result, the differences between grazed and
ungrazed landscapes have rarely been studied (Fleischner 1994). In recent years, studies
have incorporated exclusion fences to evaluate cattle impacts on vegetation and wildlife
presence (Ager et al. 2004, Coe et al. 2001, Young et al. 2018). Management of the
Modoc National Forest of Lassen and Modoc counties, California, provides a unique
opportunity to study the impacts of cattle on wildlife due to record-keeping of grazing
intensity per allotment (i.e., cattle density) and the presence of an adjacent ungrazed
wilderness area that can serve as a control. Grazing has always been, and still is, one of
the primary uses of the Modoc National Forest, which contains the Warner Mountains
(Brown 1945). The Warner Mountains contain 35 allotments that are grazed by about
9,300 head of cattle and 5,000 sheep at any given time during the grazing period from 1
May to 30 September each year (J. Decker, United States Forest Service, pers. comm.).
The use of remote trail cameras is widely used in ecology and can offer the
opportunity to address unresolved questions regarding species ecology and community
interactions (Frey et al. 2017). Photographic data obtained from remotely triggered
cameras are an effective way to characterize the spatiotemporal activity patterns of
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sympatric mammal species, and gain insights into the potential relationships between
them (Foster et al. 2013, Burton et al. 2015). Temporal insights are valuable from an
ecological perspective and can also provide information on anthropogenic-driven changes
to species behaviors and interactions (Frey et al. 2017). An animal’s activity pattern can
be defined by alternating periods of rest and movement that favor survival and
reproduction (Halle and Stenseth 2000). Any deviation from an animal’s typical pattern
of activity can influence its ability to survive and reproduce, thus making it especially
important to understand how disturbances may alter activity patterns. Interactions
between species can be classified as static or dynamic: static interactions are defined as
the joint-space used between two individuals, ignoring temporal information, while
dynamic interactions refer to how movements of two individuals are related through
space and time (Long et al. 2014).
The objective of this study was to evaluate carnivore and ungulate responses to
livestock grazing in the Warner Mountains. To accomplish this, I used remote cameras to
record photo events of study species (cattle, black bear, mountain lion, coyote, bobcat,
Rocky Mountain elk, and mule deer) in the study area before, during, and after cattle
were placed on the landscape. I did this by 1) creating mixed effects models to determine
if there were shifts in the specific times of day each study species were active as a result
of cattle presence on the landscape, and 2) analyzing temporal overlap of each study
species and cattle in the ungrazed wilderness area before and during the cattle grazing
period in allotments. Cameras were placed in areas without cattle (ungrazed wilderness)
and in cattle grazing allotments. I hypothesized that wildlife species would be influenced
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by the presence of cattle to varying degrees. Based on previous research in other areas, I
predicted that black bears, mountain lions, Rocky Mountain elk, and mule deer would
shift the times of day they were active during the periods that cattle were present in
allotments. Additionally, I predicted that coyotes and bobcats would either show none or
minimal shifts in the times of day they were active when cattle were present in
allotments.

9
METHODS

Study Area

Located within the Modoc National Forest, the Warner Mountains are a 137 km
long, north to south mountain range that consist of montane and subalpine conifer forests
with an area of 1,463 km2 (Figure 1). Elevation ranges from 1,700 - 3,015 m. Sagebrush
(Artemesia spp.) and juniper (Juniperus spp.) cover the lower western slopes (Vale
1977). The middle elevations on the western side are dominated by white fir (Abies
concolor), ponderosa pine (Pinus ponderosa), and Jeffrey pine (Pinus jeffreyi) (Vale
1977). On the eastern side of the Warner Mountains brush cover is extensive. White fir is
found on shady slopes and ravines and the highest elevations have a dense understory
consisting of sagebrush and herbaceous plants interspersed with lodgepole pine (Pinus
contorta) and whitebark pine (Pinus albicaulis) (Vale 1997). The Warner Mountains are
located within the Mediterranean climatic zone and receive most of their annual
precipitation of 50 - 60 cm during the cooler half of the year, much of that precipitation
falling as snow (Vale 1997). Cattle grazing allotments are distributed throughout the
Warner Mountain Ranger District (Figure 2). There are 27 allotments total, with 26
currently in use (J. Decker, USFS, pers. comm.). Of the 26 allotments in use, 24 are for
cattle and two are for sheep (J. Decker, USFS, pers. comm.). The timing of cattle
distribution and removal varies, with grazing periods starting as early as 1 May and
ending as late as 30 September (Table 1).
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Table 1. Name of allotments in study, area in km2 of each allotment and ungrazed wilderness area, number of cattle, dates
cattle are on allotment, density of cattle in allotment, number of cameras placed in each area, average elevation, and
average conifer cover within the studied allotments and ungrazed wilderness area in the Warner Mountain Ranger
District, Modoc County, California 13 March – 16 November 2020.
Study Area

Km2

Bear Camp
North Parker
West Valley
Yankee Jim
Wilderness
Area

98
58
22
112
108

Number of
Cattle
2,010
369
280
1,400
0

Dates on Allotment
16 July - 30 Sept
1 June - 30 Sept
1 May - 30 June
1 July - 20 Sept
N/A

Density/km2 Number of
Cameras
20.4
12
12.7
7
12.9
2
12.5
12
0
15

Average
Elevation
2302 m
1879 m
1647 m
2028 m
2181 m

Average
Conifer Cover
41%
52%
18%
63%
50%
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Figure 1. Map of the Warner Mountains (in red) in the far northeast corner of California,
in Modoc and Lassen Counties. Map base layer was created by Esri,
DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS Community.

12

Figure 2. Southern portion of Warner Mountain grazing allotments (J. Decker, pers.
comm.). Purple dots indicate camera locations, red lines indicate allotment
boundaries, dark green indicates wilderness area, and light green indicates Forest
Service land. Map base layer: Jaycee Decker, personal communication, United
States Forest Service.
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Study Design

Camera Placement
I used 48 remote cameras (Command Ops Pro; Browning Trail Cameras, Morgan,
Utah) with 32 GB memory cards programmed to record date, time, and temperature.
Camera placement was opportunistic and began as soon as weather and snow levels
permitted. Cameras were set to take 5 successive photos per trigger with no delay
between consecutive triggers and captured images 24 hours per day. The first camera was
placed on 14 March 2020 and the last camera was removed on 16 November 2020 for a
total of 237 survey days (7,181 camera trap nights). Cameras were deployed on game or
recreational trails with moderate slopes in forested areas. Game trails were defined as
continuous routes through the habitat lacking vegetation and showed evidence of usage
by wild animals. Cameras were placed on trees at a height of at least 0.3 m off the
ground, positioned between 3 - 5 m away from, and at an angle to, the game trail for
maximum coverage (Cusack et al. 2017). No bait nor lure was used. Cameras were
checked every 4-12 weeks for functionality and battery life.
Camera locations were determined by overlaying a grid of 4 km2 cells in the
southern half of the Warner Mountains using ArcMap version 10.5.1. Grid points for
camera placement were strategically placed in areas with moderate slopes. To determine
slope percentage, I acquired a 1/3 arc-second resolution Digital Elevation Model (DEM)
layer from the U.S. Geological Survey website (http://ned.usgs.gov/). I then converted
this 19 DEM into a slope raster in ArcMap utilizing the slope tool within the spatial
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analyst toolbox, and then used the extract values to points function to acquire values for
slope. Number of cattle per square kilometer was calculated for each grazing allotment
and four allotments were chosen based on their relatively high density of cattle (more
than 12 per square km; Table 1). Within each study allotment selected, one camera was
placed per every 3 grid cells (~12 km2) (Figure 3). The ungrazed wilderness area acted as
a reference site to compare carnivore and ungulate activity to the activity seen in the
grazed allotments. This helped minimize bias from a lack of control experienced by
studies with simpler designs (Christie et al. 2019). Sampling procedures were approved
by the California State Polytechnic University, Humboldt (formerly Humboldt State
University) Animal Care and Use Committee protocol No. 2020W48E.
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Figure 3. Southern Warner Mountain and remote camera locations (n=48) in four cattle
grazing allotments (BC= Bear Camp, NP = North Parker, WV = West Valley, Y =
Yankee Jim) and the ungrazed wilderness area (W) in 2020. Map base layer was created
by Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS Community.
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Photo Identification and Data Standardization
All photos were downloaded from memory cards onto a portable hard drive and
were sorted first by camera site and second by species. I then processed each set of
species folders after verifying correct species identification through the Reconyx image
management program MapView Professional. The .csv files created from MapView
Professional contained data associated with each photograph including date, time, and
trigger number of photographs taken. RStudio 1.3.959 was used to convert the .csv files
into a sequence of independent observations (Rstudio Team 2020).
Photographs of the same species recorded over 30 minutes apart were counted as
independent observations, and all photos within that 30-minute window were considered
a single “event” for each species (Burton et al. 2015, Shores et al. 2019). Additionally,
photos taken in allotments were classified as “before” if they were taken before the
grazing period started in each respective allotment. Photographs were classified as
“during” when they were taken between the start of the grazing period in each respective
allotment until the last photo of cattle was taken, which in most cases was well after the
end of the grazing period. Additionally, cattle activity (0 for no activity, and 1 for
activity) was placed into day or night categories on each day of the study at each camera
location. Observations were standardized by calculating the clock time of sunrise to
sunset for each day of the study, then collating detections into day or night categories to
account for seasonal variation in day length (Shores et al. 2019). Day began at sunrise
and ended at sunset, night began at sunset and ended at sunrise. It is necessary to account
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for changes in day length for a study over four months to determine patterns of behavior
and activity (Nouvellet et al. 2012, Shores et al. 2019).
Habitat variables (percent slope, percent conifer cover, distance to road, and
distance to stream) were obtained at each camera location to determine if habitat
differences contributed to differences in activity patterns observed between allotments
and the ungrazed wilderness area (Shores et al. 2019). I acquired percent conifer cover
(50 m resolution), roads, and streams through the U.S. Forest Service website
(https://data.fs.usda.gov/). To determine percent slope and elevation, I used the
previously created 19 DEM. Percent slope and percent conifer cover were acquired at
each camera location by using the extract values to points function in ArcMap for the
final camera locations. Distances to road and stream were calculated using the USFWS
road and streams layers with the spatial join function in ArcMap. All variables were
tested for multicollinearity and removed if they were strongly correlated (r>0.7).
Temporal Activity Patterns and Overlap
To assess changes in temporal activity patterns of each study species, I used a
kernel density analysis of average activity patterns over a 24-hour period for each species
before and during the cattle grazing period, both in the cattle allotments and in the control
area (Ridout and Linkie 2009, Shores et al. 2019). Initially, I had intended to compare the
before, during, and after periods of cattle grazing. However, cattle were seen on the
landscape when cameras were being removed, so a precise “after” period could not be
determined. Kernel density estimators are a non-parametric method for determining the
probability of a species being detected at any specific time of day (Ridout and Linkie
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2009, Shores et al. 2019). Overlap in temporal activity patterns were compared between
each study species and cattle both in the allotments and the ungrazed wilderness area.
Additionally, I compared overlap in temporal activity patterns between study species in
the ungrazed wilderness area and the allotments, and each study species in the allotments
before and during the grazing period.
Temporal overlap was estimated using the R package “overlap” in R Studio
1.3.959 (Ridout and Linkie 2009, Meredith and Ridout 2014, Rstudio Team 2020). The
coefficient of overlap (Δ) was calculated using a smoothing parameter of 0.8 or 1.0 using
a kernel density estimation (Meredith and Ridout 2014). Overlap coefficient estimator Δ1
with a smoothing parameter of 0.8 was used when sample sizes were smaller than 50 and
overlap coefficient estimator Δ4 with a smoothing parameter of 1 was used when sample
sizes were greater than 50 (Meredith and Ridout 2014). This method generates overlap
estimates between 0 and 1, which corresponds to no overlap or completely overlapping,
respectively, by employing non-parametric kernel density estimation using the times of
species detections converted into ‘sun time’. The function sunTime compares the position
of the sun at each camera location when a picture was taken rather than ‘clock time’
(Meredith and Ridout 2014, Nouvellet et al. 2012).
I calculated coefficients of overlap for each study species in the ungrazed
wilderness area, and before and during the cattle grazing period in the allotments.
Activity patterns of a study species were considered to have a significant shift in response
to cattle if 95% confidence intervals of overlap estimates did not overlap for a study
species between grazed and ungrazed allotments or between time periods with and
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without cattle activity. Comparing 95% confidence intervals is considered a stronger test
for significance than P values (Johnson 1999, Shores et al. 2019). I used 95% confidence
intervals for each Δ estimate from 10,000 bootstrapped samples from a smooth
distribution to compare overlap estimates between each species and cattle in different
combinations of treatments.
Generalized Linear Mixed Effects Models
To test for differences in the time of day during which study species were active
in areas and periods with and without cattle, I used binomial generalized linear mixed
effects models for each study species using the R package “glmmTMB” (Brooks et al.
2017). Generalized linear mixed models (GLMMs) are useful when analyzing complex,
non-normally distributed data. The presence or absence (1, 0) of each species’ during the
time categories of day or night on each day of the study was modeled with a generalized
linear mixed effect model with a binomial distribution. A random intercept for camera
location was included to control for variation between camera sites.
These models tested how much variability in activity levels was explained by the
fixed parameters of time (day, night), season (spring, summer, fall), presence of cattle
(yes/no), cattle activity, percent slope, percent forest from above (conifer cover), distance
to road, distance to stream, and the interaction between time and cattle presence. Day was
defined as time of sunrise to sunset, and night was defined as time of sunset to sunrise.
Spring was defined as 20 March to 21 June, summer began 22 June and ended 22
September, and fall began 23 September and ended 21 December. I started with a full
model for each species containing all possible fixed effects and the random location and
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performed a stepwise selection using backward-elimination. Backward-elimination is
conducted by removing the least statistically significant variable one at a time and rerunning the models with one less explanatory variable. The final model contains
explanatory variables that are all statistically significant. I then used Akaike’s
information criterion for small sample sizes (AICc) to rank models and Akaike weights to
evaluate model likelihood (Hurvich and Tsai 1989, Shores et al. 2019). If model
parameter estimates had confidence intervals that overlapped with zero, then the
covariate was considered uninformative and not interpreted (Arnold 2010). Additionally,
all models with a delta AICc < 2 were considered top models and were averaged for
interpretation.
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RESULTS

Cameras captured black bears, bobcats, cattle, coyotes, mountain lions, mule deer,
and Rocky Mountain elk in the ungrazed wilderness area and cattle allotments before and
during the grazing period (Table 2). There was insufficient data to conduct comparative
analyses on mountain lions or Rocky Mountain elk; however, temporal activity across the
entire study period was calculated for these species. Remote cameras surveyed the
southern Warner Mountains for 7,181 camera nights and captured 42,805 photos of study
species. Cattle were the most frequently captured species with 25,918 photos (61%)
followed by mule deer with 13,162 photos (31%), black bears with 2,518 photos (6%),
bobcats with 524 photos (1.2%), coyotes with 329 photos (1%), Rocky Mountain elk with
219 photos (0.5%), and mountain lions with 135 photos (0.3%). The total number of
independent observations used in temporal overlap and generalized linear mixed effects
modeling was 1,967 independent detections, which were then grouped into the ungrazed
wilderness area or before or during cattle in the allotments (Table 2).
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Table 2. Summary of independent detection events of each study species (n=1,967)
conducted in the Warner Mountains from March to November 2020. Number of
days cameras were deployed included an average of 35 days in Allotments,
Before, 143 days in Allotments, During, and 158 days in Wilderness reference.
Species
Bear
Bobcat
Coyote
Mountain lion
Mule deer
Rocky Mountain Elk
Cattle

Detections –
Allotments, before
27
18
10
0
287
0
0

Detections –
Allotments, during
43
54
48
9
471
11
604

Detections Wilderness
59
33
8
6
278
0
1

Temporal Activity Patterns and Overlap

Black Bear
Black bears generally had a high overlap of activity with cattle (Figures 4A-C).
Bears detected in allotments before the grazing period did not exhibit a significant
difference in their overlap of activity with cattle in comparison to bears detected during
the grazing period (Figures 4A and 4B). Bears detected in the ungrazed wilderness area
exhibited a similar degree of activity overlap with cattle in comparison to bears detected
in grazing allotments during the grazing period indicating no shift in activity patterns
(Figure 4C). However, bears detected in the ungrazed wilderness did exhibit a difference
in the time of day when their activity density was the highest as compared to bears in the
allotments during the grazing period. Bears before and during the cattle grazing period
had a similar time of day when their activity density was the highest, 1704 and 1636 hrs,
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respectively (Figures 4A and 4B). Bears in the ungrazed wilderness had the highest
activity density in the morning at 1000 hrs (Figure 4C).
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Figure 4 . Overlapping 24 hr activity patterns (dark gray) of black bears (blue dotted line)
detected before (A) and during (B) the grazing period in allotments and in the
ungrazed wilderness area (C) in comparison to cattle activity (solid black line)
during the grazing period in allotments. Solid vertical lines represent peak times
of density of activity. General activity patterns of bears and cattle can be found in
Appendix A.
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Bobcat
Bobcats detected in allotments before the grazing period and bobcats detected in
the ungrazed wilderness had a relatively high overlap of activity with cattle (Figures 5A
and 5C), while bobcats detected in allotments during the grazing period had a
significantly lower overlap of activity with cattle (Figure 5B), indicating bobcats in
allotments significantly shifted the times of day they were active in response to cattle
grazing. Similarly, bobcats detected before the grazing period in allotments and bobcats
detected in the ungrazed wilderness had their highest activity density at 1650 and 2051,
respectively (Figures 5A and 5C). Bobcats detected in allotments during the grazing
period had their highest activity density at 0408, indicating possible avoidance of the
times of day cattle are active (Figure 5B).
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Figure 5. Overlapping 24 hr activity patterns (dark gray) of bobcats (blue dotted line)
detected before (A) and during (B) the grazing period in allotments and in the
ungrazed wilderness area (C) in comparison to cattle activity (solid black line)
during the grazing period in allotments. Solid vertical lines represent peak times
of density of activity. General activity patterns of bobcats and cattle can be found
in Appendix A.
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Coyote
There were few coyote detections before the cattle grazing period (n = 10) and in
the ungrazed wilderness (n = 8), thus no inferences on activity shifts of coyotes could be
deduced. Coyotes detected before the grazing period in allotments had a high overlap of
activity with cattle (Figure 6A), which continued into the grazing period in allotments
(Figure 6B). Coyotes detected in the ungrazed wilderness had a low overlap of activity
with cattle (Figure 6C). Coyotes detected in grazing allotments during the grazing period
had the highest degree of activity overlap with cattle in comparison to other study species
(Figure 6B). However, during the grazing period coyotes had greater overlap with mule
deer than they did cattle (Figure 7). Coyotes’ highest activity density was at 0849 in the
allotments before the grazing period, 2258 in the ungrazed wilderness, and 1830 in the
allotments during the grazing period (Figures 6A-C).
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Figure 6. Overlapping 24 hr activity patterns (dark gray) of coyotes (blue dotted line)
detected before (A) and during (B) the grazing period in allotments and in the ungrazed
wilderness area (C) in comparison to cattle activity (solid black line) during the grazing
period in allotments. Solid vertical lines represent peak times of density of activity.
General activity patterns of coyotes and cattle can be found in Appendix A.
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Figure 7. Overlapping 24 hr activity patterns (dark gray) of coyote (blue dotted line)
detected during the grazing period in allotments in comparison to mule deer
activity (black solid line) during the grazing period in allotments.
Mountain Lion
There were few mountain lion detections before the cattle grazing period and in
the ungrazed wilderness, thus no inferences on activity shifts of mountain lions could be
deduced. Mountain lions detected in allotments during the grazing period had a low
overlap of activity with cattle (Figure 8). Mountain lion’s highest density of activity was
at 2225 h compared to ~0800 h for cattle (Figure 8).
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Figure 8. Overlapping 24 hr activity patterns (dark gray) of mountain lion (blue dotted
line) detected before the grazing period in allotments in comparison to cattle
activity (black solid line) during the grazing period in allotments. Solid vertical
lines represent peak times of density of activity. General activity patterns of
mountain lions and cattle can be found in Appendix A.

Mule Deer
Mule deer generally had a high overlap of activity with cattle before and during
the cattle grazing period in allotments and in the ungrazed wilderness area in comparison
to other species. Mule deer detected in allotments before the grazing period had a lower
overlap of activity with cattle compared to mule deer detected in allotments during the
grazing period, suggesting a slight shift in activity between those periods (Figure 9).
Mule deer detected during the cattle grazing period in allotments had a significantly
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greater overlap of activity with cattle in comparison to mule deer detected in the
wilderness (Figure 9A-B).
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Figure 9. Overlapping 24 hr activity patterns (dark gray) of mule deer (blue dotted line)
detected before (A) and during (B) the grazing period in allotments and in the
ungrazed wilderness area (C) in comparison to cattle activity (solid black line)
during the grazing period in allotments. Solid vertical lines represent peak times
of density of activity. General activity patterns of mule deer and cattle can be
found in Appendix A.
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Rocky Mountain Elk
There were too few Rocky Mountain elk detections before the cattle grazing
period and in the ungrazed wilderness, so no inferences on activity shifts of Rocky
Mountain elk could be made. Rocky Mountain elk had a moderate level of overlapping
activity with cattle (Figure 10). Elk activity density was highest at 1802 h, in contrast to
the cattle peak activity at ~0800 h (Figure 10).

Figure 10. Overlapping 24 hr activity patterns (dark gray) between Rocky Mountain elk
(blue dotted line) detected during the grazing period in allotments in comparison
to cattle (solid black line) activity during the grazing period in allotments. Solid
vertical lines represent peak times of density of activity. General activity patterns
of Rocky Mountain elk and cattle can be found in Appendix A.
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Generalized Linear Mixed Effects Models

Black Bear
The two top models with delta AIC less than 2 were averaged for factors
influencing bear activity (Appendix B). The significant variables in the averaged top
models included slope, time [night], cattle presence [yes], and the interaction between
cattle presence [yes] and time [night] (Appendix C). That is, the relative probability of
black bear activity was greater at sites without cattle presence, on gentler slopes, and
during the summer (Figure 11). Additionally, relative probability of black bear activity
was greater during the day unless cattle were present. If cattle were present, black bear
activity was greater at night (Figure 11).
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Figure 11. Odds ratios of the fixed effects terms of the averaged top models evaluating
factors influencing black bear activity in the Warner Mountains of Modoc and
Lassen counties, California from March to November 2020. Values above 1
(blue) and below 1 (red) represent positive and negative effects, respectively.
Horizontal lines represent confidence intervals.

Bobcat
The five top models with delta AIC less than 2 were averaged for factors
influencing bobcat activity (Appendix B). The averaged models for variable effects on
bobcat activity included road distance, time, elevation, stream distance, conifer cover,
cattle presence, and the interaction between cattle presence and time. The significant
variable was the interaction between cattle presence [yes] and time [night] (Appendix C).
That is, the relative probability of bobcat activity was greater at sites without cattle
present (Figure 12). When cattle were present, bobcat activity was greater at night
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(Figure 12).

Figure 12. Odds ratios of the fixed effects terms of the averaged top models evaluating
factors influencing bobcat activity in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Values above 1 (blue) and
below 1 (red) represent positive and negative effects. Horizontal lines represent
confidence intervals.
Coyote
The three top models with delta AIC less than 2 were averaged for factors
influencing coyote activity (Appendix B). The averaged models included slope, season,
time, cattle activity, cattle presence, and the interaction between cattle presence and time.
The significant variables included slope and cattle presence [yes] (Appendix C). That is,
the relative probability of coyote activity was greater on more gentle slopes, during the
summer, at night, when cattle were active, when cattle were present, and during the day
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when cattle were present (Figure 13).

Figure 13. Odds ratios of the fixed effects terms of the averaged top models evaluating
factors influencing coyote activity in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Values above 1 (blue) and
below 1 (red) represent positive and negative effects. Horizontal lines represent
confidence intervals.
Mule Deer
The three top models with delta AIC less than 2 were averaged for factors
influencing mule deer activity (Appendix B). The averaged models included conifer
cover, stream distance, road distance, elevation, season, time, cattle presence, and the
interaction between cattle presence and time. The significant variables included distance
to stream, distance to road, season [summer], and time [night] (Appendix C). That is, the
relative probability of mule deer activity was greater closer to streams and roads, at
higher elevations, during the summer, during the day, at camera locations where cattle
were not present, and during the day at locations where cattle were not present (Figure
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14).

Figure 14. Odds ratios of the fixed effects terms of top model evaluating factors
influencing mule deer activity in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Values above 1 (blue) and
below 1 (red) represent positive and negative effects. Horizontal lines represent
confidence intervals.
Cattle
The two top models with delta AIC less than 2 were averaged for factors
influencing cattle activity (Appendix B). The averaged models included road distance,
stream distance, slope, day of study, and time. The significant variables included distance
to road, slope, the day of study, and time [night] (Appendix C). That is, the relative
probability of cattle activity was greater closer to roads, on gentler slopes, as the day of
the study increased, and during the day (Figure 15).
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Figure 15. Odds ratios of the fixed effects terms of the averaged top models evaluating
factors influencing cattle activity in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Values above 1 (blue) and
below 1 (red) represent positive and negative effects. Horizontal lines represent
confidence intervals.
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DISCUSSION

Wildlife share the landscape with cattle across millions of acres in North
America. Still, most studies attempt to describe wildlife competition with and predation
upon cattle, rather than wildlife responses to cattle. As expected, the response type of
each study species and the degree to which they responded to cattle varied.
Mammalian carnivores are ecologically important because they directly influence
ecosystem structure and function by causing predation or fear-driven cascading effects
and they may serve as keystone species in their ecosystems (Sinclair 2003, Roemer et al.
2009). Disturbance can disrupt carnivore spatial and temporal movement patterns and
mediate predator-prey interactions (Smith et al. 2015, Gaynor et al. 2018). I predicted
that carnivores would shift the times of day they were active when cattle were present;
interestingly, the results varied among species.
Black bears have been found to exhibit strong behavioral plasticity by altering
their movement patterns to avoid disturbances (Zeller et al. 2019). Bears exhibited little
difference in their level of activity overlap with cattle between areas and periods.
However, black bear activity density was the greatest in mid-morning in the ungrazed
wilderness, while activity density before and during the grazing period in allotments was
the greatest in the evening. Given that the shift in peak activity was different between the
allotments (with and without cattle present) and the wilderness area, it is possible the
difference was due to the presence of humans rather than cattle alone. The Warner
Mountains are located in one of the least populated counties in California and visitation

41
to the ungrazed wilderness is primarily centered around Patterson Lake, which is 4 km
away from the closest wilderness camera. Forest Service wilderness areas contain no
roads and allow no wheels, making them inherently less disturbed by human presence.
Generally, humans who are recreating on Forest Service land would do so during daylight
hours. As a result, bears detected in the allotments, which likely were exposed to a
greater human presence, may have been more active in the evening when humans were
less active. Future analyses could examine the responses black bears have to human
activities in the Warner Mountains utilizing GPS collar data in conjunction with remote
cameras to document spatial or temporal avoidance of areas with relatively high human
use.
Black bears had higher probability of activity at sites without cattle and during the
night when cattle were present. When closely examining the 24-hour overlapping activity
plots of cattle and bear activity during the grazing period in allotments, one can see there
was more black bear activity at night in allotments during compared to before cattle
presence in allotments as well as in the ungrazed wilderness (Figures 4A-C). The GLMM
models were able to detect a shift in the time black bears were active in allotments during
the grazing period, indicating they may experience temporal displacement by cattle. The
probability of black bear activity was also greater at sites and during periods without
cattle, indicating they may also experience spatial displacement from cattle presence.
Future studies could further examine how black bear activity patterns and space use relate
to cattle activity and presence using GPS collar data in combination with remote cameras
in allotments.
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In contrast to bears, bobcats had a significant shift in activity in response to cattle
presence during the grazing period. Bobcats detected during the grazing period in
allotments significantly changed their activity patterns to overlap less with cattle in
comparison to bobcats detected in the ungrazed wilderness area. Results from the
modeling exercise reinforced this pattern by finding that the relative probability of bobcat
activity was greater where and when cattle were not present, and if cattle were present,
there was a greater probability of bobcat activity at night. Bobcats primarily prey upon
rodents, but their diets can vary with rainfall and relative abundance of alternate prey and
predators (Leopold and Krausman 1986, McKinney and Smith 2007). Typically, bobcats
are active throughout the circadian cycle, which is what was observed in the allotments
before the grazing period and in the ungrazed wilderness (Virchow and Hogeland 1994).
However, during the grazing period, bobcats in allotments were noticeably less active
during the day when cattle were active and shifted to being primarily crepuscular
(Figures 5A and 5B). Bobcats are ambush predators (Virchow and Hogeland 1994) that
mostly predate upon small mammals. Cattle presence may impact the activity of their
prey or prevent bobcats from seeing their prey. As a result, bobcats in allotments during
the grazing period may have shifted the times of day they were active to crepuscular
periods to avoid cattle activity and increase their chances of obtaining prey. This may
come at a huge energetic cost to bobcats if they are unable to obtain prey at the same
rates they usually would. Future studies should look at the impact to small mammal
densities in grazing allotments and assess local bobcat diet composition to understand the
implications of reduced activity when cattle are present.
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Although there were insufficient data to determine a shift in coyote activity
patterns, the large differences in sample sizes of coyote detections between periods and
locations is worth noting. Coyotes were not detected frequently in the ungrazed
wilderness area or before the grazing period in the allotments, but when the grazing
period began, coyotes were captured on camera about eight times more frequently in
allotments with cattle than they were before the grazing period and in the wilderness area.
Coyotes typically occur at low densities in forested areas such as the Warner Mountains,
so the low detections observed in this study were not surprising (Richer et al. 2002).
However, the increase in detections where and when cattle were present was surprising.
Modeling indicated that detection probability of coyotes increased in the presence of
cattle. One explanation may consider coyote prey. Coyotes have been reported to shift
temporal and spatial-use behaviors based on seasonal prey availability and reproductive
activity (Andelt and Gipson 1979, Chamberlain et al. 2000, 2021, Gosselink et al. 2003,).
In this study, coyote overlap with mule deer (84%) was higher than coyote overlap with
cattle (79%) during the grazing period in allotments (Appendix C). The grazing period in
the Warner Mountains begins in lower elevation allotments as early as May 1 and as late
as July 16 in the higher elevation allotments, which coincides with the timing of mule
deer fawning (Richard Shinn, California Department of Fish and Wildlife, pers. comm.).
Coyotes are a known cause of mortality in neonate ungulates, but also frequently predate
upon older adult ungulates (Lingle 2000, Pierce et al. 2000). In eastern Washington,
coyotes caused 58.3% of all identified fawn mortalities (Johnstone-Yellin et al. 2009).
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Therefore, these predatory patterns suggest that coyotes in the Warner Mountains may be
responding to deer in allotments rather than cattle presence.
During the grazing period, cattle are the most abundant animal on the landscape.
Coyotes primarily predate upon calves rather than fully grown adults. However, it is still
possible that coyotes view cattle as a potential food source (Collinge 2008). Similarly to
domestic dogs (Canis lupus familiaris), coyotes respond to positive feedback. In urban
areas, coyotes that are fed by humans become bolder and are more likely to approach
humans (Breck et al. 2019); thus, a coyote that has previously fed on calves or scavenged
an adult cow could respond to this positive reinforcement by exhibiting predatory
behavior around cattle. Coyotes in the Warner Mountains may be altering their space and
habitat use when cattle are present, either due to the presence of cattle or deer. Future
research could examine prey content of coyote scat in the Warner Mountains to assess
diet composition.
Mountain lions are one of the most widely distributed mammals in the world, and
similarly to wolves (Canis lupus) and grizzly bears (Ursus arctos horribilis), they have
faced persistent persecution by humans (Andreasen 2014). Mountian lions are
notoriously difficult to capture with high frequency on un-baited remote cameras, making
it difficult to draw inferences from their activity patterns. Although I did not have
sufficient data to determine mountain lion activity patterns before the grazing period, I
had sufficient data to determine their activity patterns and general overlap with cattle
activity during the grazing period in allotments. Mountain lions detected in allotments
during the grazing period had a relatively low (42%) overlap of activity with cattle
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compared to other species in this study (Figure 8). Mountain lions had their highest
density of activity at 2225 h compared to 0800 h for cattle. A study analyzing 293
mountain lion GPS clusters in Modoc County determined scavenged cattle carcasses
consisted of only 1.9% of mountian lion diet (Ewanyk 2020). Furthermore, a data
compilation of 7,719 verified mountian lion depredation events across California between
1972 and 2019 showed 13.1% (n=1,013) of all depredation events involved large
hoofstock such as cattle (Dellinger et al. 2021). Perceptions of mountian lions vary across
the state of California, but some perceive mountain lions as a great threat to cattle on the
landscape. If this were true in the Warner Mountains, I would have exptected mountain
lions to have had higher detection rates in the grazing allotments and greater temporal
activity overlap with cattle. Instead, results suggest their highest density of activity during
a time when cattle were least active. The temporal activity patterns of mountain lions
seen in this study are similar to what other studies have found, suggesting they were not
disturbed by cattle grazing (Paviolo et al. 2009, Lewis et al. 2021)
As competing herbivores, I predicted that mule deer would shift the times of day
they were active when cattle were present. Unexpectedly, mule deer had a higher activity
overlap with cattle in allotments during the grazing period compared to mule deer activity
in allotments before the cattle grazing period and in the ungrazed wilderness area
(Figures 9A-C). Previous studies have shown deer temporally avoid cattle (DuránAntonio et al. 2020). However, mule deer in Modoc County may have responded
differently in comparison to other studies due to their decreasing population size
(Clements and Young 1997, CDFW 2019). During the cattle grazing period, most female
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mule deer have fawns, and lactation is extremely demanding nutritionally (Tollefson et
al. 2010). It would be advantageous for a lactating mule deer, especially in a decreasing
population, to overlap with cattle spatially and temporally to have more eyes scanning the
landscape for predators. Further investigation would be required to determine if does with
fawns were more often seen in allotments in comparison to bucks. This is further
highlighted by the increased number of coyote detections during the grazing period in
allotments (described above) and their known predation upon neonate and adult ungulates
(Lingle 2000, Pierce et al. 2000, Johnstone-Yellin et al. 2009). With more eyes scanning
the landscape for predators, mule deer can spend less time being vigilant and more time
feeding. The GLMM models found that habitat variables were stronger predictors in the
variability of mule deer activity. Cattle typically spend a disproportionate amount of time
in riparian zones with quality forage, so the temporal overlap results may have been
picking up on mule deer response to habitat rather than cattle presence (DelCurto et al.
2005). Mule deer activity was greater during the summer, closer to streams, closer to
roads, and during the day, which is similar to what other studies have found (Ager et al.
2003, Boroski and Mossman 1997, Ordway and Krausman 1986, Morano et al. 2019).
Cattle presence was the only predictor variable in this study that contradicts what other
studies have found, future studies could tease apart the relationships of mule deer sex and
age class responses to cattle presence.
I predicted that Rocky Mountain elk would shift the times of day they were active
when cattle were present. Although I did not have sufficient data to determine elk activity
patterns before the grazing period or in the ungrazed wilderness, I had sufficient data to
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determine their activity patterns and general overlap with cattle. Elk activity had a 60%
overlap with cattle activity during the grazing period in allotments. Elk were irregularly
active and displayed varying levels of activity during the day and night with their highest
density of activity in the early evening. However, in other studies, Rocky Mountain elk
were found to avoid cattle (Coe et al. 2001, Stewart et al 2002). It is possible elk densities
in this region of the Warner Mountains were too low to determine elk behavioral
responses to cattle. Future studies should include portions of the Devil’s Garden and the
northern Warner Mountains, where elk densities are higher, to better assess behavioral
interactions between cattle and elk.
In northeastern California, and more generally across the western United States,
western juniper (Juniperus occidentalis) encroachment is attributed to altering the flow
and duration of ephemeral streams (Zou et al. 2014). In semi-arid rangelands such as the
Warner Mountains, forage growth is limited by annual precipitation (Bailey and Brown
2011). When ungulates are faced with decreased forage acquisition in one season, they
must compensate by increasing forage acquisition in another (Green and Bear 1990).
Previously, cattle were thought to compete primarily with grazers such as elk rather than
browsers such as deer, but studies have shown they compete just as strongly with
browsers by reducing forb and grass cover (Young et al. 2018). Lack of access to
adequate quantities of nutritious forage leads to poor physical condition of mule deer and
elk, which impacts their ability to escape predation (Pierce et al. 2000). Therefore, in a
semi-arid system with scarce and ever-changing water availability, behavioral shifts or
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increased forage competition with non-native ungulates can decrease native ungulate
resiliency.
As predicted, herbivores and carnivores responded differently to the presence of
cattle in the Warner Mountains. Black bears were spatially displaced by cattle while
bobcats were temporally displaced. Mule deer shifted the times of day they were most
active during the grazing period in allotments to have greater activity overlap with cattle
in comparison to the ungrazed wilderness area. There were not enough data to determine
shifts in activity for Rocky Mountain elk, coyotes, or mountain lions. However, coyotes
were more likely to be detected during the grazing period. Rocky Mountain elk were
found to have 60% activity overlap with cattle, while mountain lions were found to have
42%. I hypothesize that black bears and bobcats both shifted their activities when cattle
were grazing due to greater difficulties obtaining food when cattle were around. Black
bears could be directly competing with cattle for grasses during early summer when other
food resources like berries are scarce, while bobcats may be impacted by cattle disturbing
their small mammal prey. Mule deer surprisingly had a greater overlap of activity with
cattle in grazing allotments, possibly to aid in spotting predators and reducing predation
on fawns during this time. It is difficult to assess whether a species’ response is truly
“positive” or “negative” without further investigating the energetic costs of the
behavioral shifts. Any deviation away from a “usual” behavior (i.e., the behavior a
species displays in a non-impacted wilderness area) may suggest disturbance and may
incur costs compounded by the shift in temporal or spatial habitat use. An animal must
obtain adequate nutrition to maintain basal metabolic rate, thermoregulate, and expend
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energy to move about the landscape and reproduce (Green and Bear 1990), and anything
getting in the way of that ultimate goal could impact wildlife survival and reproduction.
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MANAGEMENT IMPLICATIONS

Maintaining the multiple uses of western rangelands in the future requires a better
understanding of wildlife species’ RESPONSES towards livestock grazing. This study
provides baseline data of carnivore and ungulate activity patterns in the Warner
Mountains in addition to their responses to cattle, which may be applied to similar areas
around the country. Federal allotments are extremely common in the western US. By
documenting wildlife responses to the presence of cattle, we can bring awareness to any
conflict and to improving grazing strategies, which will advance our ability to conserve
wildlife.
Around the world, managers of rangelands must make decisions with
consideration to livestock production, sustainable grazing, and wildlife habitat
enhancement (Krausman et al. 2009). Within the Warner Mountains, there are few fences
and livestock are free to move around within their allotments; they may even move into
surrounding allotments or areas that are not supposed to contain livestock. By increasing
our knowledge of cattle behavior in forested landscapes, we can prevent areas from
becoming overgrazed and implement site- and species-specific grazing strategies to
enhance forage growth and production. Identification of these key areas can help
managers maintain the productivity of these areas for grazing, in addition to mitigating
the potential impacts of over-use.
During this study, cattle were scheduled to be removed from the landscape in
most allotments by September 30; however, cattle were still found on the landscape when
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cameras were removed in mid-November 2020. It is not uncommon for cattle to graze on
rangelands longer than scheduled if residual dry matter (RDM) is adequate and cattle
removal timing isn’t enforced. To calculate residual dry matter, a manager would collect
plant material left standing or on the ground at the end of a grazing season (Bartolome et
al. 2002). This method of assessing range condition assumes the amount of RDM left at
the end of the grazing season will influence subsequent species composition and
production of forage (Bartolome et al. 2002). It is unknown if RDM was assessed prior to
cattle remaining on the landscape, but managers could utilize this method frequently near
the end of the grazing season to adjust removal timing. Additionally, this would create a
quantifiable record of rangeland conditions across time allowing for more precise sitespecific recommendations of cattle stocking rate and timing.
In addition to juniper encroachment, the majority of western rangelands are
plagued by invasive grasses. There are countless studies documenting the diets of each
wildlife species in this study in other areas, in addition to diet composition and preference
of cattle. However, we cannot fully understand the impact cattle grazing has on the diet
and nutrition acquisition of the target species in this study, especially when decreased
precipitation and availability of native grasses and forbs can create greater overlap in the
diets of ungulates. Impacts on one group of wildlife, such as ungulates, can have
cascading impacts on predators, insects, and plant communities (Young et al. 2018).
Wildlife managers want to understand each species’ capabilities of adapting to a
variety of environmental changes when the landscapes they inhabit are under pressure
from a multitude of human-induced changes. Local Federal and State agencies should
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collaboratively employ an adaptive management strategy that dictates cattle grazing
intensity and duration that reflects their intentions of simultaneously managing the wild
carnivore and ungulate species on the landscape. I would recommend an annual
discussion before the grazing period to determine stocking rates and duration, as abiotic
and biotic conditions across the range will vary from year to year. Decisions should be
based on range conditions, year-to-date and forecasted precipitation, and status of local
wildlife populations of interest.
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APPENDICES

Appendix A: Daily activity patterns on a 24 hr time scale for each study species

Black bears in allotments were most active around dusk while black bears in the ungrazed
wilderness were most active around midday (Figure A1). Bobcats were primarily active
during crepuscular periods and moderately active during the day (Appendix A2). Coyotes
were active throughout the day and during the crepuscular periods (Appendix A3).
Mountain lions were mainly active at night (Appendix A4). Mule deer were active during
the day and during crepuscular periods (Appendix A5). Rocky Mountain elk were active
throughout the 24 hour time period (Appendix A6). Cattle were active throughout the day
(Appendix A7).
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Figure A1. Daily activity patterns on a 24 hr time scale depicting activity patterns of
black bears detected before and during the cattle grazing period in grazing
allotments and in the ungrazed wilderness in the Warner Mountains of Modoc and
Lassen Counties, California from March to November 2020.

Figure A2. Daily activity patterns on a 24 hr time scale depicting activity patterns of
bobcats detected before and during the cattle grazing period in grazing allotments
and in the ungrazed wilderness in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Vertical lines depict the time
of day with the highest density of activity.
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Figure A3. Daily activity patterns on a 24 hr time scale depicting activity patterns of
coyotes detected before and during the cattle grazing period in grazing allotments
and in the ungrazed wilderness in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Vertical lines depict the time
of day with the highest density of activity.
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Figure A4. Daily activity patterns on a 24 hr time scale depicting activity patterns of
mountain lions detected during the cattle grazing period in grazing allotments in
the Warner Mountains of Modoc and Lassen Counties, California from March to
November 2020. Vertical lines depict the time of day with the highest density of
activity.
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Figure A5. Daily activity patterns on a 24 hr time scale depicting activity patterns of mule
deer detected before and during the cattle grazing period in grazing allotments and
in the ungrazed wilderness in the Warner Mountains of Modoc and Lassen
Counties, California from March to November 2020. Vertical lines depict the time
of day with the highest density of activity.
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Figure A6. Daily activity patterns on a 24 hr time scale depicting activity patterns of
Rocky Mountain elk detected during the cattle grazing period in grazing
allotments in the Warner Mountains of Modoc and Lassen Counties, California
from March to November 2020. Vertical lines depict the time of day with the
highest density of activity.
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Figure A7. Daily activity patterns on a 24 hr time scale depicting activity patterns of
cattle during the cattle grazing period in grazing allotments in the Warner
Mountains of Modoc and Lassen Counties, California from March to November
2020. Vertical lines depict the time of day with the highest density of activity.
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Appendix B: Model selection tables for mixed effects models evaluating factors
influencing wildlife activity in the Warner Mountains of Modoc and Lassen
Counties from March to November 2020. Models were ranked using AIC
corrected for small sample size (AICc) and each model’s weight (wi), camera site
was included as a random effect.
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Table B1. Model selection table for mixed effects models evaluating factors influencing black bear activity in the Warner
Mountains of Modoc and Lassen Counties from March to November 2020. Models were ranked using AIC corrected
for small sample size (AICc) and each model’s weight (wi). Camera site was included as a random effect.
AICc

ΔAIC

K

logLik

wi

Slope/Season/Time/Cattle presence/Cattle presence*Time

1389.34

0

8

-686.67

0.54

Conifer cover/Slope/Season/Time/Cattle presence/Cattle presence*Time

1390.75

1.41

9

-686.37

0.27

Conifer cover/Road dist/Slope/Season/Time/Cattle presence/Cattle presence*Time

1392.35

3.01

10 -686.17

0.12

1394.19

4.85

11 -686.09

0.05

1396.08

6.74

12 -686.03

0.02

1397.99

8.65

13 -685.98

0.01

Location only model

1436.86

47.51

2

-716.43

0

Null model

1512.17 122.83

1

-755.09

0

Model parameters (black bear)

Conifer cover/Road dist/Slope/Season/Time/Cattle activity/Cattle presence/Cattle
presence*Time
Conifer cover/Stream dist/Road dist/Slope/Season/Time/Cattle activity/Cattle presence/Cattle
presence*Time
Conifer cover/Stream dist/Road dist/Slope/Season/Elevation/Time/Cattle activity/Cattle
presence/Cattle presence*Time

70
Table B2. Model selection table for mixed effects models evaluating factors influencing bobcat activity in the Warner
Mountains of Modoc and Lassen Counties from March to November 2020. Models were ranked using AIC corrected
for small sample size (AICc) and each model’s weight (wi), camera site was included as a random effect.
ΔAIC K

Model parameters (bobcat)

AICc

logLik

wi

Road dist/Time/Cattle presence/Cattle presence*Time

1265.21 0

6

-626.60

0.24

Road dist/Time/Elevation/Cattle presence/Cattle presence*Time

1265.28 0.06

7

-625.63

0.23

Time/Cattle presence/Cattle presence*Time

1265.91 0.69

5

-627.95

0.17

Conifer cover/Stream dist/Road dist/Elevation/Time/Cattle presence/Cattle presence*Time

1266.36 1.14

9

-624.17

0.14

Conifer cover/Road dist/Elevation/Time/Cattle presence/Cattle presence*Time

1266.98 1.77

8

-625.49

0.10

Conifer cover/Stream dist/Road dist/Slope/Elevation/Time/Cattle presence/Cattle

1267.30 2.09

10 -623.64

0.09

1270.42 5.20

12 -623.20

0.02

1271.48 6.26

13 -622.73

0.01

Location

1275.74 10.52

2

-635.87

0

Null

1341.38 76.17

1

-669.69

0

presence*Time
Conifer cover/Stream dist/Road dist/Slope/Elevation/Season/Time/Cattle presence/Cattle
presence*Time
Conifer cover/Stream dist/Road dist/Slope/Elevation/Season/Time/Cattle activity/Cattle
presence/Cattle presence*Time
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Table B3. Model selection table for mixed effects models evaluating factors influencing coyote activity in the Warner
Mountains of Modoc and Lassen Counties from March to November 2020. Models were ranked using AIC corrected
for small sample size (AICc) and each models weight (wi), camera site was included as a random effect.
Model parameters (coyote)

AICc

Slope/Season/Time/Cattle activity/Cattle presence/Cattle presence*Time

ΔAIC

K

logLik

wi

857.46 0

9

-419.73

0.31

Slope/Season/Time/Cattle presence/Cattle presence*Time

857.59 0.12

8

-420.79

0.29

Conifer cover/Slope/Season/Time/Cattle activity/Cattle presence/Cattle presence*Time

858.02 0.56

10 -419.00

0.23

Conifer cover/Road dist/Slope/Season/Time/Cattle activity/Cattle presence/Cattle

859.64 2.17

11 -418.81

0.10

861.14 3.68

12 -418.56

0.05

862.76 5.3

13 -418.37

0.02

Location

873.33 15.87

2

-434.67

0

Null

971.21 113.75 1

-484.61

0

presence*Time
Conifer cover/Road dist/Slope/Elevation/Season/Time/Cattle activity/Cattle presence/Cattle
presence*Time
Conifer cover/Stream dist/Road dist/Slope/Elevation/Season/Time/Cattle activity/Cattle
presence/Cattle presence*Time
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Table B4. Model selection table for mixed effects models evaluating factors influencing mule deer activity in the Warner
Mountains of Modoc and Lassen Counties from March to November 2020. Models were ranked using AIC corrected
for small sample size (AICc) and each model’s weight (wi), camera site was included as a random effect.
ΔAIC

Model parameters (deer)

AICc

K

logLik

wi

Stream dist/Road dist/Elevation/Season/Time/Cattle presence/Cattle presence*Time

6459.30 0

10 -3219.64 0.33

Conifer cover/Stream dist/Road dist/Elevation/Season/Time/Cattle presence/Cattle

6460.15 0.85

11 -3219.07 0.22

Stream dist/Road dist/Season/Time/Cattle presence/Cattle presence*Time

6460.22 0.92

9

Conifer cover/Stream dist/Road dist/Slope/Elevation/Season/Time/Cattle presence/Cattle

6461.53 2.23

12 -3218.75 0.11

Road dist/Season/Time/Cattle presence/Cattle presence*Time

6461.80 2.50

8

Conifer cover/Stream dist/Road dist/Slope/Elevation/Season/Time/Cattle activity/Cattle

6463.45 4.15

13 -3218.71 0.04

presence*Time
-3221.10 0.21

presence*Time
-3222.89 0.09

presence/Cattle presence*Time
Location

6561.50 102.20 2

-3278.75 0

Null

7108.60 69.30

-3553.30 0

1
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Table B5. Model selection table for mixed effects models evaluating factors influencing cattle activity in the Warner
Mountains of Modoc and Lassen Counties from March to November 2020. Models were ranked using AIC corrected
for small sample size (AICc) and each model’s weight (wi), camera site was included as a random effect.
ΔAIC

Model parameters (cattle)

AICc

K logLik

wi

Road dist/Slope/Day/Time

3105.94 0

6

-1546.97 0.49

Stream dist/Road dist/Slope/Day/Time

3106.92 0.98

7

-1546.45 0.30

Conifer cover/Stream dist/Road dist/Slope/Day/Time

3108.39 2.46

8

-1546.19 0.14

Conifer cover/Stream dist/Road dist/Slope/Elevation/Day/Time 3110.02 4.08

9

-1546.00 0.06

Location

3293.13 187.19 2

-1644.56 0

Null

3942.6

-1970.3

836.65 1

0
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Appendix C: Final model parameters and results for evaluating factors influencing each study species’ activity using generalized linear mixed effects
models. Study was conducted in the Warner Mountain of Modoc and Lassen counties, California from March to November 2020.
Cattle
Estimate

95%CI

Bear
Estimate

95%CI

Bobcat
Estimate

0.37

-1.85, 2.59

-3.76*

-4.73, -2.81

--14.61

-

-

-

-

-

95%CI
-40.67,
11.46
-

-

-

-0.85*

-1.38, -0.32

-0.68

-

0.001

-0.01, 0.02

-

-

0.002,
0.006
-

Road distance

-0.69*

Season[spring]
Season[summer]
Slope

-0.15*

Stream distance

-0.0002

Fixed effects
Intercept
Cattle activity
Cattle
presence[yes]
Conifer cover
Day
Elevation

0.004*

Time[night]
-1.33*
Cattle
presence[yes] *
Time[night]
Random effect
Variance
Camera site
3.13
* Significant P value (<0.05)

Coyote
Estimate

95%CI

Deer
Estimate

95%CI

-5.84*

-7.37, -4.31

-14.63

-38.00, 8.74

0.37

-0.16, 1.30

-

-

-1.36, 0.01

1.00

0.08, 1.89

-0.17

-0.40, 0.06

-0.002

-0.03, 0.01

-0.004

-0.03, 0.01

-0.002

-0.01, 0.006

-

-

-

-

-

-

-

-

-

1.38

-

-

1.76

-0.25, 5.11

-1.05, -0.32

-

-

-0.15

-

-

-0.19*

-0.34, -0.04

-0.26, -0.04
-0.001,
0.0005
-1.56, -1.10

-0.14
0.05
-0.06a

-0.86, 0.58
-0.35, 0.45
-0.12, -0.01

-

-1.14
0.54
-0.10*

-3.22, 0.95
0.01, 1.07
-0.19, -0.01

-0.13
0.38*
-

-

-

-0.33

-

-

-0.0005*

-1.70*

-2.30, -1.11

-32.64

-0.79, 5.98
-0.37,
0.001
-0.001,
0.0001
-0.89, 0.24

0.0004

-0.99, 0.99

-0.42*

-0.49, 0.23
0.22, 0.54
-0.001,
-0.00002
-0.62, -0.22

-

0.91*

0.07, 1.75

1.31*

0.52, 2.10

-0.50

-1.62, 0.62

-0.27

-0.54, 0.01

SD
1.77

Variance
0.78

SD
0.88

Variance
0.95

SD
0.98

Variance
1.64

SD
1.28

Variance
0.81

SD
0.90

